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Ropinirole,  a  specific  non-ergoline  dopamine  D2-receptor  agonist,  belongs  to  the  drugs  applied  in 
treatment  of  Parkinson's  disease  (PD)  and  restless  legs  syndrome  (RLS)  and  acts  as  a  D2,  D3,  and  D4 
dopamine  receptor  agonist  with  highest  affinity  for  D3.  Therapeutic  ropinirole  plasma  levels  in  adults  are 
defined  between  0.4  and  6  ng/mL.  This  case  report  documents  a  fatal  intoxication  involving  ropinirole. 
Information  about  lethal  ropinirole  concentrations  is  hitherto  lacking  in  the  literature  and  the  assessed 
ropinirole  levels  of  this  case  may  present  a  step  towards  defining  potentially  lethal  concentrations.  A  37- 
year-old  man  without  medical  history  was  found  dead  in  a  converted  van  used  as  place  of  residence  and 
an  autopsy  was  performed.  The  pathological  findings  did  not  reveal  an  apparent  cause  of  death  but  the 
toxicological  analysis  revealed  the  presence  of  ropinirole,  paracetamol,  and  alcohol  in  the  peripheral 
blood  sample.  Quantitative  analysis  revealed  that  ropinirole  was  present  at  a  peripheral  blood  concen¬ 
tration  of  64  ng/mL.  The  ropinirole  concentrations  determined  in  vitreous  humor,  urine  and  bile  were 
respectively,  11  ng/mL,  2670  ng/mL  and  826  ng/mL.  Paracetamol  was  detected  at  a  blood  level  of  <2  pg/ 
mL.  Based  on  the  autopsy  findings  and  toxicological  results,  the  cause  of  death  was  primarily  attributed 
to  intoxication  with  ropinirole  in  combination  with  alcohol. 

©  2012  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

Ropinirole  (C16H24N2O,  4-[2-(dipropylamino)ethyl]-l, 3-dihydro 
-2H-indol-2-one,  Fig.  1),  a  specific  non-ergoline  dopamine  02- 
receptor  agonist,  belongs  to  the  drugs  applied  in  treatment  of 
Parkinson’s  disease  (PD)  and  restless  legs  syndrome  (RLS).1,2 
Ropinirole  acts  as  a  D2,  D3,  and  D4  dopamine  receptor  agonist 
with  highest  affinity  for  D3.  It  appears  to  be  weakly  active  at  the  5- 
HT2,  and  a2  receptors  and  seems  to  have  virtually  no  affinity  for  the 
5-HT1,  benzodiazepine,  CABA,  muscarinic,  al,  and  (f-adrenor- 
eceptors.3  Clinical  studies  have  demonstrated  its  efficacy  in  the 
treatment  of  motor  dysfunction  in  PD  as  monotherapy1  or  in 
combination  with  levodopa.4  In  idiopathic  RLS,  ropinirole  provides 
a  well-tolerated  and  effective  treatment  of  sensorimotor  symp¬ 
toms.  A  typical  maintenance  dose  for  adult  parkinsonian  patients, 
gradually  reached  over  several  weeks,  ranges  from  3  to  9  mg  a  day, 
but  can  be  increased  to  24  mg.  For  RLS,  the  effective  daily  doses  are 
lower  and  range  from  2  to  4  mg.  Peak  plasma  levels  are  usually 
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attained  1.5  h  after  oral  administration  of  a  single  dose  of  imme¬ 
diate  release  form  but  absorption  may  be  delayed  by  an  average  of 
2  h  after  consuming  a  meal  high  in  fat  compared  with  the  fasting 
state.5  Its  bioavailability  is  about  50%  (36—57%)  with  highly  variable 
plasma  protein  binding  (10—40%),  an  overall  volume  of  distribution 
of  about  7.5  L/kg  and  a  half-life  in  plasma  of  6  h.  After  2  days  of  use, 
steady  state  concentrations  are  generally  achieved.  Therapeutic 
ropinirole  plasma  levels  in  adults  are  defined  between  0.4  and  6  ng/ 
mL.6  Since  the  pharmacokinetics  of  ropinirole  have  not  been 
studied  in  patients  with  hepatic  impairment  it  should  be  titrated 
with  caution  in  patients  with  hepatic  insufficiency.  No  specific 
modifications  in  dosing  are  necessary  in  patients  with  mild  to 
moderate  renal  insufficiency  as  characterized  by  a  creatine  clear¬ 
ance  of  30—50  mL/min  because  only  10%  of  the  drug  is  excreted 
unchanged  in  urine.  Ropinirole  has  not  been  studied  in  patients 
with  severe  renal  impairment. 

Ropinirole  is  metabolized  primarily  by  cytochrome  P450 
CYP1A2,  and  at  doses  higher  than  clinical,  is  also  metabolized  by 
CYP3A4.  At  doses  greater  than  24  mg,  CYP2D6  may  be  inhibited, 
although  this  has  only  been  tested  in  vitro.  The  major  metabolite 
displays  a  pharmacologic  activity  100  times  lesser  effective  than 
ropinirole. 
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Fig.  1.  Chemical  structure  of  ropinirole. 


in  the  early  PD  study,  adverse  effects  were  similar  between 
ropinirole  prolonged  and  immediate  release  formulations.  The 
adverse  events  that  occurred  in  greater  than  5%  of  subjects  in  either 
treatment  group  included  nausea  (19%  prolonged  release,  20% 
immediate  release),  somnolence  (11%  prolonged  release,  15% 
immediate  release),  dizziness  (6%  prolonged  and  immediate 
release),  headache  (6%  prolonged  release,  5%  immediate  release), 
constipation  (5%  prolonged  and  immediate  release),  dyspepsia  (3% 
prolonged  release,  7%  immediate  release)  and  fatigue  (3%  pro¬ 
longed  release,  5%  immediate  release).7  In  the  advanced  PD  study, 
the  most  common  adverse  effects  noted  with  ropinirole  prolonged 
release  vs  placebo  included  the  development  of  dyskinesia  (13%  vs 
3%),  nausea  (11%  vs  4%),  dizziness  (8%  vs  3%),  somnolence  (7%  vs 
4%),  hallucinations  (6%  vs  1%),  and  orthostatic  hypotension  (5%  vs 
2%).8  There  is  only  few  data  about  ropinirole  toxicity  but,  recently, 
repetitive  torsades  de  pointes  (type  of  ventricular  tachycardia)  or 
other  types  of  cardiac  arrhythmias  have  been  observed  in 
ropinirole-treated  patients.9,10  Furthermore,  some  experimental 
in  vitro  and  animal  studies  have  suggested  that  this  treatment  may 
carry  proarrhythmic  risk  for  patients  especially  in  cases  of  acci¬ 
dental  overdose  or  intoxication  by  demonstrating  an  inhibition  of 
the  rapid  delayed  rectifier  1<+  current  under  supratherapeutic 
concentrations.11,12  Although  ropinirole  is  a  widely  used  drug,  there 
is  no  report  of  fatal  human  poisoning  to  our  knowledge. 

In  this  article,  we  present  a  case  of  a  fatal  ropinirole  poisoning. 
Information  about  lethal  ropinirole  concentrations  is  hitherto  lacking 
in  the  literature  and  the  assessed  ropinirole  levels  of  this  case  may 
present  a  step  towards  defining  potentially  lethal  concentrations. 

2.  Case  history 

A  37-year-old  man  without  medical  history  was  found  dead  by 
his  brother  leaving  him  alone  for  approximately  24  h  in  a  converted 
van  used  as  place  of  residence.  The  body  was  on  the  right  side,  lying 
on  the  couchette,  with  the  hanging  legs.  Initial  police  inquiry  was 
inconclusive.  There  was  no  indication  of  burglary,  any  suicide  note 
or  evidence  for  a  fight.  No  drugs  tablet  or  blister  was  found  near  the 
body.  Police  records  revealed  that  24  h  earlier  both  brothers  had 
gone  in  a  party  in  the  course  of  which  they  had  consumed  some 


alcohol.  Because  of  the  mechanism  of  death  remained  unknown 
after  the  first  observations,  a  forensic  autopsy  was  ordered  and 
performed  to  eliminate  a  possible  criminal  action. 

3.  Material  and  methods 

A  standard  autopsy  was  performed  according  to  current  guidelines 
36  h  after  the  body’s  discovery  and  samples  of  each  major  organ  and 
injured  tissue  were  histologically  analyzed  after  formalin  fixation, 
embedding  in  paraffin  and  hematoxylin— eosin— saffron  staining. 
Furthermore,  a  comprehensive  systematic  toxicological  screening 
(STA)  procedures  including  head-space  gas  chromatography— mass 
spectrometry  (GC— MS)  for  the  analysis  of  ethanol  and  other  volatile 
substances,  GC— MS  after  acetylation  with  the  use  of  CARIBOU®  soft¬ 
ware,13  high  performance  liquid  chromatography  photodiode  array 
detection  (HPLC-PDA),14  UPLC-PDA/MS,15  UPLC-MS/MS  screenings16,17 
as  well  as  immunoassay  techniques,  carbon  monoxide  and  cyanide 
detection  was  conducted. 

4.  Results 

4.2.  Autopsy  findings 

External  examination  exhibited  a  normally  developed  Caucasian 
man  of  normal  corpulence  (173  cm,  62  kg)  showing  no  remarkable 
external  injuries.  The  inspection  revealed  fixed  post-mortem 
lividity  of  normal  intensity  and  location  corresponding  to  the 
position  of  the  body  when  it  was  discovered  and  early  putrefactive 
change  with  green  discoloration  of  the  lower  abdomen.  Examina¬ 
tion  of  internal  organs  demonstrated  pulmonary  oedema  (lungs 
weight  =  1134  g,  Normal:  825—950  g)  without  aspiration 
phenomenon.  The  gastric  content  (300  mL)  didn’t  show  drug 
particles.  No  cardiac  hypertrophy  or  additional  pulmonary 
pathology  was  observed.  The  coronary  arteries  showed  no 
remarkable  signs  of  atherosclerosis.  Furthermore,  no  tongue  bite  or 
other  indications  for  an  epileptic  seizure  were  found.  Systematic 
microscopic  examination  confirmed  intra-alveolar  pulmonary 
oedema  and  generalized  vascular  congestion  predominantly  in 
liver.  Overall,  the  pathological  findings  did  not  reveal  an  apparent 
cause  of  death. 

For  toxicological  analyses,  the  following  samples  were  collected: 
vitreous  humor,  femoral  blood,  bile,  gastric  contents  and  urine. 

4.2.  Toxicological  results 

The  results  revealed  the  presence  of  ropinirole,  paracetamol, 
and  alcohol  in  the  peripheral  blood  sample.  No  illegal  drugs  were 
detected.  The  blood  alcohol  level  was  2.26  g/L,  the  alcohol 
concentration  in  urine  was  2.94  g/L.  Quantitative  analysis  revealed 
that  ropinirole  was  present  at  a  peripheral  blood  concentration  of 
64  ng/mL.  The  ropinirole  concentrations  determined  in  vitreous 
humor,  urine  and  bile  were  respectively  11  ng/mL,  2670  ng/mL  and 
826  ng/mL.  Paracetamol  was  detected  at  a  blood  level  of  <2  gg/mL. 
The  concentrations  measured  in  urine  and  bile  were  similar  to 
those  in  peripheral  blood  sample  (see  Table  1). 


Table  1 

Summary  of  the  toxicological  results  in  the  different  matrices  used. 


Peripheral  blood 

Urine 

Bile 

Vitreous  humor 

Ropinirole 

64  ng/mL 

2670  ng/mL 

826  ng/mL 

11  ng/mL 

Paracetamol 

<2  gg/mL 

<2  gg/mL 

<2  gg/mL 

<2  gg/mL 

Alcohol 

2.26  g/L 

2.94  g/L 

NA 

NA 
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5.  Discussion 

There  is  little  information  in  the  literature  regarding  toxic  or 
fatal  blood  concentrations  of  ropinirole.  No  case  of  serious  or  lethal 
ropinirole  intoxication  has  already  been  described.  Especially  post¬ 
mortem  data  concerning  ropinirole  concentrations  in  biological 
matrices  are  not  available.  To  our  knowledge,  we  report  the  first 
case  of  fatal  ropinirole  intoxication  for  which  concentrations  have 
been  determined  in  peripheral  blood  as  well  as  in  urine  and  bile. 
The  detected  peripheral  blood  concentration  of  64  ng/mL  clearly 
exceeds  the  therapeutic  range  indicated  in  the  literature  (0.4—6  ng / 
mL)  and  is  likely  to  induce  severe  cardiac  arrhythmia.6,9-11  Cardiac 
side  effects  have  already  been  described  for  usual  concentrations 
during  the  titration  phase  of  therapeutic  adjustment.  These  effects 
correspond  to  syncopes,  atrial  fibrillations10  and  torsades  de 
pointe.9  Syncope  was  observed  in  several  clinical  trials  of  ropinirole 
in  Parkinson's  disease  although  with  low  incidence  when  the  drug 
was  gradually  increased.18 

The  mechanisms  of  cardiac  toxicity  of  this  molecule,  although 
incompletely  clarified,  begin  to  be  understood.  Ropinirole  is 
a  dopamine  agonist  with  high  selectivity  for  both  peripheral  and 
central  D2  dopamine  receptors  (subtypes  D2,  D3,  and  D4).  It  has 
a  higher  affinity  for  D3  dopamine  receptors.  The  final  effect  of 
ropinirole  is  an  increased  vagal  activity,  probably  linked  to  different 
mechanisms: 

1.  The  stimulation  of  D2  presynaptic  receptors,  reduces  the 
epinephrine  release  in  the  synapse19; 

2.  The  stimulation  of  D2/D3  striatal  receptors  increases  the 
parasympathetic  activity.20 

Both  cardiac  adverse  events  seemingly  triggered  by  ropinirole, 
i.e.,  severe  bradycardia  and  atrial  fibrillation,  can  be  induced  by 
a  resulting  excess  of  vagal  activity.  Intense  vagal  stimulations  can 
lead  to  phenomenon  of  macroreentry  in  atrial  cells,  promoting  atrial 
arrhythmias.21  Furthermore,  some  animal  or  in  vitro  experimental 
studies  have  shown  a  suppressive  effect  of  ropinirole  high  doses  on 
HERG  (human  ether-a-go-go-related  gene)  channels  current.  A 
study  on  Chinese  hamster  ovary  cells  expressing  HERG  channel  gene 
demonstrated  a  suppressive  effect  on  HERG  current  for  ropinirole 
concentrations  range  from  31.42  to  3142  ng/mL  explaining 
a  prolongation  of  the  cardiac  action  potential  and/or  an  increase  of 
the  QT  interval11  (a  well-known  risk  factor  for  the  development  of 
the  potentially  life  threatening  ventricular  arrhythmia  torsades  de 
pointes22).  On  canine  ventricular  myocytes,  Simko  et  al.  show  that, 
for  high  concentrations  (>314.2  ng/mL),  ropinirole  increased  action 
potential  duration  and  suppressed  the  rapid  delayed  rectifier  I<+ 
current  carrying  proarrhythmic  condition.9  Finally,  Humphrey  et  al. 
conclude  that  ropinirole,  for  peak  plasma  level  of  3.5  ng/mL, 
significantly  prolongs  QTc  by  over  33  ms  in  conscious  dogs  and  can 
trigger  serious  ventricular  arrhythmia  such  as  torsade  de  pointes }2 

The  toxicological  results  confirmed  the  preliminary  morpho¬ 
logical  findings  that  were  concordant  with  an  acute  intoxication. 
The  autopsy  revealed  usual  signs  found  in  cardiac  arrhythmia  cases 
such  as  intra-alveolar  pulmonary  oedema  and  diffuse  visceral 
congestion.  No  indications  for  an  epileptic  seizure  or  pre-existing 
cardiovascular  or  pulmonary  pathology  have  been  found. 

Recently,  Navacerrada  et  al.  have  reported  a  case  of  cholestatic 
injury  associated  with  hepatic  cytolysis  related  with  ropinirole  use 
for  restless  legs  syndrome  and  developed  3  months  after  the 
beginning  of  the  treatment.23  This  liver  toxicity  is  in  relation  with 
a  chronic  absorption.  In  our  case,  no  jaundice  was  noticed  and 
microscopic  examination  of  hepatic  tissue  didn’t  show  any  sign  of 
drug-induced  hepatitis.  This  result  tends  to  demonstrate  that  the 
acute  ropinirole  toxicity  is  not  hepatic. 


The  role  of  concomitant  alcohol  intoxication  can  be  discussed  but 
there  was  no  argument  for  an  associated  metabolic  disorder  (no 
ketoacidosis)  or  hypothermia.  Moreover,  there  was  no  sign  at 
autopsy  of  pre-existing  consciousness  loss  or  coma  before  death  (no 
vomit  aspiration)  suggesting  a  sudden  cardiac  death.  Alcohol 
intoxication  seems  to  have  played  a  minor  role  in  the  fatal  issue  here. 

In  our  case,  the  remaining  question  is  the  nature  of  this  over¬ 
dose.  In  fact,  this  man  wasn’t  known  to  be  affected  by  Parkinson’s 
disease  or  restless  legs  syndrome.  No  suicide  note  has  been  left  and 
his  medical  history  didn’t  involve  depressive  disorders  or  suicidal 
attempts.  A  deliberate  misuse  has  been  suggested  compared  with 
the  well-known  misuse  of  other  antiparkinsonian  drugs  such  as 
trihexyphenidyl  for  its  hallucinogenic  and  euphoric  effects.24 
Ropinirole  can  cause  hallucinations  and  rarer  and  more  unusual 
side  effects  specific  to  D3-preferring  agonists  such  as  hypersexu¬ 
ality  and  compulsive  gambling,  even  in  patients  without  a  prior 
history  of  these  behaviors.25  However,  the  toxicological  results 
don’t  substantiate  this  hypothesis  because  no  narcotic  or  other 
drugs  (often  associated  with  trihexyphenidyl)  were  found  in 
analyzed  matrices.  An  accidental  or  criminal  overdose  cannot  be 
ruled  out  completely  but  it  was  not  possible  to  investigate  further 
details  concerning  this  overdose. 

In  conclusion,  the  present  case  demonstrates  a  fatal  intoxication 
involving  the  antiparkinsonian  drug  ropinirole.  The  assessed  ropi¬ 
nirole  concentration  of  64  ng/mL  in  peripheral  blood  clearly 
exceeds  the  therapeutic  range  and  may  represent  a  highly  cardiac 
toxic,  even  lethal  concentration.  The  presented  post-mortem  data 
may  help  to  define  potentially  lethal  ropinirole  concentrations. 
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